Introduction
lipases (eK 3.1.1.3, triacylclycerol acylhydrolase) catalyze the hydrolysis of triacylglycerols at the interface between an aqueous and organic phase. As a result of its enzymatic action mainly fatty acids and diacylglycerols and lower amounts of monoacylgycerols and glycerol are liberated. lipase catalyzed hydrolysis of triacylglycerols is an enzymatic process that takes place in heterogeneous conditions (9) . this unique interfacial process is due to the fact that lipases possess three domains: (i) the "contact" domain is responsible for distinguishing the substrate surface; (ii) the "hydrophobic" domain is responsible for extracting one substrate molecule and its connection with (iii) the "Functional" domain, which is the real catalytic activity site of enzyme molecules and consists of three amino acids Ser, his and Glu (8, 20) . the enzymatic action of lipases on the substrate is a result of a nucleophile attack on the carbonyl carbon atom from the ester groups (18) . Some lipases are also able to catalyze reactions of esterification, interesterification, transesterification, acidolysis, amynolisis and may show enantioselective properties (4) . According to their origin, lipases can be divided into three groups: plant, animal and microbial. Microbial lipases are widely applied, but the currently increasing interest in this group of enzymes is due to the possibilities for biodiesel production by lipase catalyzed transesterification (2, 4, 6) . A reasonable question arises "Why are microbial lipases so important for biodiesel production?". Since wastes (oils and fats) used as low cost substrates for production of biodiesel contain a certain amount of water, it is necessary to find a lipase that efficiently catalyzes alcoholysis even in the presence of water. one of the major advantages of microbial lipases is that the increased amount of water increases the enzyme activity and protects the enzyme from methanol inhibition. nevertheless, the commercialization of lipase-catalyzed biodiesel production remains problematic because of the cost of enzyme preparations. therefore, the implementation of strategies, such as: (i) isolation and screening of new lipase producing microbes with enhanced productivity, (ii) optimization of nutritive medium composition and cultivation conditions maximizing the enzyme yield, and (iii) application of immobilized enzymes, for the development of economic and effective enzyme based technologies for biodiesel production is of crucial importance.
Among the lipase producing microbes reported in the literature filamentous fungi are the dominant (26) . The lipase production by filamentous fungi belonging to various species of genera Aspergillus (1, 12) , Rhizopus (10, 23) and Penicillium (5, 17) , in solid state or submerged fermentation using different oils and oil-related substrates has been studied by many authors. Although Trichoderma species are widely distributed in nature, colonize oleaginous substrates and are well known producers of cellulases, xylanases and laccase, only Rajesh et al. (22) and Kashmiri et al. (13) of nutritive medium composition and cultivation parameters for enhanced production of microbial lipases. to the best of our knowledge no optimization procedure for maximizing the lipase production by Trichoderma species has been published so far.
in out previous investigations we isolated various Trichoderma species as prospective laccase producers (7) and also studied their potential for production of extracellular lipase (25). the aim of the present study was to apply for the first time mathematical modeling and optimization procedure for enhancement of the extracellular lipase production by Trichoderma longibrachiatum through nutritive medium engineering.
materials and methods microorganism
For the purposes of the present study Trichoderma longibrachiatum, isolated and identified in our previous work (7), was used as an extracellular lipase producing strain. the strain was maintained on Potato Dextrose Agar (PDA), stored at 4 °c and deposited in the microbial culture collection of the Department of Biochemistry and Microbiology, University of Plovdiv "P. hilendarski". cultivation conditions the submerged fermentation was carried out in 300 cm -3 Erlenmeyer flasks, containing 30 cm -3 nutritive medium on a rotary shaker at 150 rpm, 30 °c for 96 h. the nutritive medium was inoculated with conidial suspension containing 1×10 9 conidia cm -3 . At the end of the fermentation the fungal mycelium was separated through filtration and the cell free culture broth was used as crude enzyme.
lipase assay lipase activity (lA) was assayed by the alkali titration method using emulsified olive oil as a substrate (21) . Ten cm 3 olive oil was emulsified with 5% gum arabic (w/v) in 0.2 M sodium phosphate buffer ph 7.0, using domestic blender. the reaction mixture consisted of 9.0 cm 3 substrate emulsion and 1.0 cm 3 of crude enzyme. the enzyme reaction was carried out at 37 °c for 10 min at a gentle shaking (150 rpm). the reaction was terminated by addition of 10.0 cm 3 acetone/ethanol solution 1:1 (v/v). the amount of fatty acids liberated was determined by titration with 0.05 M NaOH using 1.0 % (w/v) thymolphthalein as indicator. Blank samples were run in the same way by adding acetone/ethanol solution before the addition of crude enzyme sample. One unit of lipase activity was defined as the amount of enzyme that liberates 1.0 µmol fatty acids per min per cm 3 under the above assay conditions. dry cell mass determination the separated mycelium was washed twice with distilled h 2 o and was dried in an oven at 105 °c until constant mass was reached.
optimization of nutritive medium composition central composite Design (ccD) was used for optimization of the composition of the nutritive medium. the mathematical processing of the results from the experiments was accomplished using Microsoft excel and Statgraphics centurion XV (trial version). The value of the coefficients in equation 2 was calculated in accordance with the dependence (3, 14, 15):
where: X ji is the coded value of the experimental factor (i = 1, 2, 3, 4; j = 1, 2, 3, 4); Y i is the observed value of the test function (lipase activity) in the corresponding point; N is the number of experimental factors.
the optimization of the target function was performed by the gradient method, with fixing of some factors of certain level. the desirability function for optimization d(y) expresses the desirability of a response value equal to y on a scale of 0 to 1. this function takes one of three forms depending on whether the response is to be maximized, minimized, or a target value hit (14) . the optimization was performed by an algorithm embedded in the software used.
determination of fatty acid composition of plant oils
The samples of olive oil, sunflower oil, soybean oil, rapeseed oil, sesame oil, corn oil used as carbon sources were analyzed by GC. Fatty acids (FAs) were transesterified onto methyl esters (FAMe) according to the procedure reported by iSo 5508 (11). FAME were identified on a Thermo Focus GC (Themro Scientific) equipped with a flame ionization detector (FID). The flow rate of carrier gas nitrogen was 1.5 cm 
results and discussion
it is well known that production of microbial enzymes, in particular lipases, strongly depends on the nutritive medium composition. carbon sources such as lipids and oleaginous substrates induced production of microbial lipases (26) . Usually olive oil is used as the best carbon source for production of microbial lipases and only a few publications studied in details the influence of different plant oils and fatty acids on the lipase production by fungi (19, 24, 27) . The influence of olive oil, sunflower oil, soybean oil, rapeseed oil, sesame oil, corn oil, oleic acid, linoleic acid and glucose as sole carbon sources for production of extracellular lipase by Trichoderma longibrachiatum was studied. As seen ( fig. 1) , plant oils and pure fatty acids induced production of extracellular lipase by Trichoderma lonibrachiatum and glucose was a catabolic repressor of enzyme production. Among the studied plant oils the highest lipase activity (5.62 U•cm -3 ) was reached when olive oil was used as the sole carbon source, followed by sunflower, rapeseed, sesame, corn and soybean oils. the major difference among these oils was their fatty acid composition (table 1) . the major constituents of these oils were oleic and linoleic acids. olive oil characterized with the highest content of oleic acid (80.79%) and the lowest content of linoleic acid (4.48%). The decreasing of oleic acid content and increasing of linoleic acid content followed the order: olive oil, sunflower oil, rapeseed oil, sesame oil, corn oil and soybean oil. the production of extracellular lipase by Trichoderma longibrachiatum decreased in the same order. Probably the influence of plant oils on the lipase productivity depends on their fatty acid composition, in particular the content of oleic and linoleic acid. to further explore this suggestion we also studied the influence of pure oleic and pure linoleic acids on the strain productivity. As seen, pure oleic acid increased lipase activity to 8.98 U•cm -3 and linoleic acid decreased lipase activity to 3.62 U•cm -3 . The beneficial effect of oleic acid and plant oils rich in oleic acid on the extracellular lipase activity of Trichoderma longibrachiatum might be explained with the fact that oleic acid induced one type of lipase encoding genes (26) . Other authors have also reported the beneficial effect of oleic acid and plat oils rich in oleic acid on the lipase activity (16, 19, 24) . Wang et al. (27) and lima et al. (17) also determined that linoleic acid exhibited negative effect on the lipase activity of fungi, which is in accordance with our results. Additional experiments must be done to understand the mechanism of negative effect of linoleic acid on the lipase activity, but to the best of our knowledge there are no publications about this phenomenon.
olive oil was the best carbon substrate for production of extracellular microbial lipase by Trichoderma longibrachiatum, but from an economic point of view it can be successfully replaced with the cheaper sunflower oil because the reached lipase activity (5.24 U•cm -3 ) was comparable to the activity reached with olive oil. All the further experiments were carried out with olive oil.
nitrogen sources, in particular the c/n ratio, are also very important for lipase production by fungi. the high nitrogen concentration in general increases the production of extracellular lipase by fungi (17) . To study the influence of the nitrogen source on the lipase activity of Trichoderma longibrachiatum, peptone from basal nutritive medium was replaced with Kno 3 or with (nh 4 ) 2 So 4 and both organic nitrogen sources (yeast extract and peptone) were replaced separately with Kno 3 and (nh 4 ) 2 So 4 . As seen ( fig. 2) the supplement of inorganic nitrogen sources to the basal medium increased lipase activity. Stimulating effect of (nh 4 ) 2 So 4 was highly expressed in comparison with the stimulating effect of Kno 3 . Probably because the nitrogen from ammonium salts is easier for utilization in comparison with the nitrogen from nitrate salts. the highest lipase activity (6.42 U•cm -3 ) was reached when peptone was replaced with 10 g•dm -3 (nh 4 ) 2 So 4 . to achieve enhancement of extracellular lipase production by Trichoderma longibrachiatum we applied mathematical modeling and optimization of nutritive medium composition. this choice was prompted by the fact that the classical method for optimization by changing one variable at a time, while 4 with star arm was used. Such types of plans were successfully applied for modeling and optimization of nutritive medium composition in biotechnology. the major advantage of this method is that it allows working out regression equations of a higher order, which gives opportunities for estimation of the inhibitory and stimulating effect of influencing factors (14, 15) .
the area where the optimum of the regression model is located is almost stationary and it is significantly nonlinear. For this reason for adequate description of the optimum area, mathematical models of a higher order must be used. For optimization of nutritive medium compositions usually second order models are used and third order models are rarely used. Such models can be obtained by ccD (equation 3). ccP was preferred because it allows to estimate the influence of each factor independently and in interaction on the basis of comparatively few experiments. (3) Firstly, to determine the limits of variation of selected basal nutritive medium components single factor experiments were carried out. The influence of olive oil concentration and yeast extract concentration on the production of extracellular lipase by Trichoderma longibrachiatum were studied. As seen ( fig.  3) , the increasing of olive oil concentration from 10 g•dm -3 to 30 g•dm -3 increased enzyme production. the lipase activity remained almost unchanged despite the additional increasing of olive oil concentration to 50 g•dm -3 . An analogous effect on the lipase production was demonstrated when the concentration of yeast extract increased. As seen (fig. 4) , the increasing of yeast extract concentration from 1 g•dm -3 to 5 g•dm -3 increased the enzyme production, but further increasing of yeast extract concentration slightly decreased lipase activity.
on the basis of the results obtained from single factor experiments, the factor area and the limits of variation of nutritive medium components were determined (table 2). the rest of the nutritive medium components were fixed at constant levels. ccD was not orthogonal. it was reduced to orthogonal by selecting an appropriate star arm of size α. the value of the star arm depends on the number of input factors (n = 4) and the number of replicates in the center of the plan (n 0 = 3) (20, 21) . the size of the star arm ±α = 1.5467 was determined. the experimental design and the results for production of extracellular lipase by Trichoderma longibrachiatum in submerged fermentation are shown in table 3. on the basis of the results obtained mathematical-statistic analysis of the ccD was carried out and regression equation 4, which adequately described the experimental data, was obtained. the results of the analysis of the proposed mathematical model are shown in table 4. in accordance with the data in table 4 and Paretodiagram ( fig. 5) all the insignificant factors were excluded from the model. Graphical interpretations of the proposed mathematical model are shown in fig. 6 and fig. 7 . the AnoVA table partitions the variability in lipase activity into separate parts for each of the effects. it then tests the statistical significance of each effect by comparing the mean square against an estimate of the experimental error. in this case, 9 effects had P-values less than 0.05, indicating that they were significantly different from zero at the 95.0% confidence level. The R-squared statistic indicated that the model, as fitted, explained 93.2464% of the variability in lipase activity. the adjusted R-squared statistic, which is more suitable for comparing models with different numbers of independent variables, was 89.671%. The standard error of the estimate showed the standard deviation of the residuals to be 0.564782. the mean absolute error (MAe) of 0.369141 is the average value of the residuals. the Durbin-Watson (DW) statistic tests the residuals to determine if there is any significant correlation based on the order in which they occur in the data file. Since the P-value is greater than 5.0%, there was no indication of serial autocorrelation in the residuals at the 5.0% significance level.
Based on the obtained model (equation 4) the following conclusions can be stated: (i) the values in front of coefficients А and А 2 verified that the increasing of olive oil concentration in the nutritive medium demonstrated a strongly positive effect on lipase production; (ii) the value in front of coefficient С 2 also verified the stimulating positive effect of (NH 4 ) 2 So 4 on lipase production; (iii) in general, supplement of inorganic phosphorus in the nutritive medium demonstrated a weak and negative effect on lipase production, which was verified by the negative values of the coefficients in front of the combined influencing factors AB, BC and BD. Probably inorganic phosphorus stimulates only strain development and production of fungal mycelium. And (iv) yeast extract also demonstrated a positive effect on the lipase production, but excessive amounts of yeast extract also can exert a negative effect on enzyme production. fig. 8 . Influence of the studied factor, separately and in combinations, on the lipase activity (U•cm -3 ). The degree of influence of the studied factors separately and in combinations is shown in fig. 8 . Based on the mathematicalstatistic analysis of the results obtained the optimal value of the target function (lipase activity) was determined as 14.12 U•cm -3 . the optimal levels of nutritive medium components are shown in table 5. the dynamics of extracellular lipase production by Trichoderma longibrachiatum in the optimized nutritive medium was studied. As seen ( fig. 9) , maximum lipase activity of 13.98 U•cm -3 was reached at 72 h, which corresponded to the end of the exponential growth phase. conclusions extracellular lipase production by Trichoderma longibrachiatum in submerged fermentation strongly depends on the nutritive medium composition. the major factors influencing the enzyme production were fatty acid composition and concentration of plant oils. the decreasing of oleic acid content and increasing of linoleic acid content followed the order: olive oil, sunflower oil, rapeseed oil, sesame oil, corn oil and soybean oil. the production of extracellular lipase by Trichoderma longibrachiatum decreased in the same order. the best carbon source for lipase production was olive oil, but it can be successfully replaced with cheaper sunflower oil. inorganic nitrogen sources, in particular (nh 4 ) 2 So 4 , stimulated lipase production. As a result of the applied mathematical modeling and optimization procedure the optimal nutritive medium composition was determined (in g•dm 
